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Abstract

Background: A medical neuroscience curriculum that integrates broad categorization of neurological diseases in the first year of
medical education has a functional utility to strengthen the foundation of medical students in clinical neuroscience. Students–
patients interactive activities could provide an understanding of core curricula for basic neuroscience and clinical neurology.
Methods: Twelve neurological patients, with varying neurological diseases, volunteered to share their medical experiences with
small groups of students in a 30-minute session. A debriefing segment with clinical and biomedical science faculty and students
followed these sessions. Two structured student surveys – a pre and posttests were administered.
Results: 98.5% of students agreed (85.5% of these students strongly agreed) that patient integration into the first-year
neuroscience module provided real-life experiences that were helpful in their understanding of clinical neuroscience. 95.6% of
students agreed that their ability to interact with a diverse group of neurological patients was improved. Prior to the students–
patients interactive session, only 91.1% of students agreed (52.6% of these students strongly agreed) that patient integration would
be beneficial in their understanding of clinical neuroscience.
Discussion: The integration of patients into the neuroscience module provides better understanding of clinical concepts in
neuroscience. It facilitates a meaningful discussions, stimulated critical thinking in neuroscience, and increased students' insights
into patient–physician relationships, even at year one in the medical school, with significant real-life experiences.
& 2017 King Saud bin AbdulAziz University for Health Sciences. Production and Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Neuroscience; Neurology; Medical education; Patients

1. Introduction

The recent integration of translational medicine in
neurology into medical school curriculum, especially in

both the preclinical and clinical medical curriculum,
brings more challenges in the development of session
and program level objectives and assessment measures
in medical school curriculum. To address this concern,
the American Academy of Neurology (AAN) commit-
tee for undergraduate Education outlined a longitudinal
competency-based curriculum in medical neuroscience
that integrates clinical perspectives to preclinical cour-
sework.1 The committee developed core curricula that
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integrates basic neuroscience with clinical neurology,
and highlighted specific learning objectives for each of
the 6 competencies (Medical knowledge, Patient care,
Interpersonal and Communication skills, Professional-
ism, Practice Based learning, and Systems Based
Practice) to connect the normal neuroanatomy, neuro-
physiology, neuroembryology or biochemical functions
with abnormal correlations.

Several new and old medical schools are now
restructuring their curricula in line with the 6 core
competencies. Despite this new development, there is a
general variation in Neuroscience curriculum among
medical schools in the United States.2,3 This is because
some medical schools teach basic neuroanatomy,
neuroembryo, neurohistology or neurophysiology in
year 1 and abnormal correlations such as neuropathol-
ogy, pathophysiology, and pharmacology in mind brain
and behavior – a year 2 course.4–9 Other medical
schools actually teach neuroscience topics in one
combined preclinical course outside the neuroscience-
designated coursework whereas, others still teach the
basic sciences as independent disciplines without
integration into a systems-based approach. Since neu-
rologic diseases account for approximately 7% of
outpatient office and over 5% of emergency room
visits,10–12 the next generation of neurologist-scientists
needs a strong basic neuroscience medical education to
be able to advance the understanding of the funda-
mental pathophysiologic underpinnings of nervous
system disorders. The Neuroscience curriculum in the
University of South Carolina School of Medicine
Greenville (USCOMG) is broad and structured with
an integrated preclinical/clinical model, with a func-
tional utility in medical education within diverse
biomedical science courses. This approach integrates
the basic normal functioning of the nervous with

clinical neurology to provide a core neuroscience
curriculum with a strong foundation in clinical neu-
roscience and medical education.12–17 A major compo-
nent of the USCOMG neuroscience module is the
integration of patients with different neurological dis-
orders into a year 1 neuroscience module. We describe
the integration of student–patient interactions into a
year one neuroscience medical curriculum to integrate
basic neuroscience and neurology into year one core
curriculum to provide students the additional exposure
to neurology and neuroscience.

2. Methods

2.1. Organization of the neuroscience module

Neuroscience is a four week module that integrates
the development, anatomy, biochemistry and physiol-
ogy of the central and peripheral nervous system with
clinical correlates. The principles that underlie the
anatomical structures of each system are correlated
with their physiology and relevant clinical applications.
Students are expected to learn how to integrate the
normal molecular, cellular, physiological, and anato-
mical aspects of the nervous system in order to under-
stand the basis of disorders commonly encountered in
clinical practice. Weekly topics are structured into
themes that include an anatomical and functional
organization of the nervous system (week 1), morpho-
logical and functional correlates of neuronal activity
(week 2). Week 3 focuses on vascular supply of the
nervous system, while motor and sensory systems were
the focus of week. The students–patients interactive
session is a 3 h session of activities in week 3 of the
neuroscience module.

2.2. Patient selection criteria

Neurological patients of the Greenville Memorial
Health System (GMH) volunteered to share their
personal life experiences in various neurological con-
ditions. The different neurological conditions are pre-
sented in Table 1. Each patient interacted with a small
group of 10–12 first-year medical students. The focus
on neurology patients is to provide clinical experiential
learning to facilitate students’ basic understanding of
neurological disorders, and patient experience. More-
over, this will enhance the correlation between con-
cepts and disease processes learned in class and clinical
presentations. Fig. 1 presents the schematic representa-
tion of the experimental design used in the
present study.

Table 1
Students interact with patients with different neurological disorders.

1. Temporal lobe epilepsy
2. Autoimmune epilepsy
3. Stroke with aphasia
4. Stroke s/p mechanical thrombectomy
5. Primary lateral sclerosis (ALS variant)
6. Myasthenia gravis
7. Charcot Marie Tooth,
8. Chronic Inflammatory Demyelinating Polyradiculoneuropathy
(CIPD)
9. Multiple sclerosis
10. Multiple sclerosis
11. Parkinson's disease
Migraine headaches, post-concussion syndrome via traumatic brain
injury
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2.3. Grouping of students and patients during the
interactive session

Students were randomly divided into small groups of
10–12 individuals. Each group was paired with a
patient and allotted 30 min. After the first session, each
group transitioned to a different small group room in
order to interact with a second patient for another
30 min, such that each student interacted with at least
two patients with Neurological conditions for one hour.
In order to maximize the student-patient learning
experience, faculty and clinicians were not present
during these sessions. During the interactive session,
patients shared their experiences with students in an
informal open discussion, and students also had the
opportunity to ask questions. In this context, year one
students now have contact with patients during their
pre-clinical medical education. This pre-clinical famil-
iarization of medical students with patients improves
students' understanding of patients' perceptions, helps
students understand patients as human beings, and
helps them recognize the importance of the doctor–
patient relationship unity to discuss the pathophysiolo-
gical basis of their clinical conditions, symptoms, and
treatment.

2.4. Debriefing and general discussion session

After the interaction with patients, students met
collectively in a large lecture hall with a sitting capacity
of 150 students to participate in a debriefing session

with clinical faculty and neurologists involved in the
patients’ care. The debriefing session provided the
opportunity for each group to share the patient inter-
action experience with their colleagues who did not
have the opportunity to interact with the patient in their
small group session. Patients were not present during
the debriefing session, and this preserved their privacy
and maximized the educational exchange between
biomedical science faculty, neurologists and students.
Specifically, each group had the opportunity to provide
an oral summary of the patient they interacted with to
the class as a whole. The groups’ summaries were
supplemented with clinical knowledge from biomedical
science faculty and physicians. While students were
unable to meet with all of the patients, the panel
discussion provided a significant amount of informa-
tion about patient experiences and clinical conditions
for the class to learn. In general, the panel discussion
allowed for the entire class to learn a significant
amount of information about the clinical conditions
and experiences of patients they had not spent personal
time with.

2.5. Data collection

Multiple-choice questionnaires were designed on
medical student responses to students–patients inter-
active pre-and post-test sessions. The questionnaire
includes seven items on medical students’ expectations
prior and post implementation of the interactive,
student-patient educational session called “Meet the

Fig. 1. Schematic representation of the experimental design used in the present study. Data on students’ expectations were collected prior to the
student-patient interaction sessions to generate a baseline. Post-test evaluation was carried out after the debriefing session to evaluate students’
perception of the students–patients interactive session.
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Table 2
Presents students expectations prior (pretest) to the implementation of student–patient educational interactive session and the posttest evaluation.

Pretest evaluation Posttest evaluation P-value

Strongly
disagree

Disagree Neutral Agree Strongly
agree

Strongly
disagree

Disagree Neutral Agree Strongly
agree

The session improves my ability to better integrate my basic neuroscience and
understand neurological issues.

0 0 8.8% 57.9% 33.3% 0 0 4.3% 30.4% 65.2% 0.0057*

The session provides meaningful discussion and learning to stimulate critical
thinking in neuroscience

0 0 7.01% 50.9% 42.1% 0 0 0 20.3% 79.7% 0.0003*

This provides real-life experiences that will be beneficial in my future and
continuous clinical training

0 0 8.8% 38.5% 52.6% 0 0 1.4% 13.0% 85.5% 0.0012*

The session provides a productive time and helpful in highlighting how
neurological problems affect the patients’ lives

0 0 7.01% 29.8% 63.2% 0 1.4% 1.4% 13.0% 84.1% 0.0123*

This session provides insight on patients’ encounters with physician, that will
helpful in relating to patients in the future.

0 1.8% 5.3% 42.1% 50.1% 0 0 2.9% 18.8% 78.2% 0.0126*

I expect this session to meet and/or exceed my learning expectations 0 1.8% 29.8% 43.9% 24.6% 0 0 1.4% 26.1% 72.5% .0.0001*

This session will help in understanding how patient experiences can be
different and/or similar to clinical concepts learned in the class

0 0 5.3% 49.1% 45.6% 0 0 1.4% 17.4% 81.2% 0.0038*
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Patients”. A 5-pt Likert scale with a score of
1¼Strongly Disagree, 2¼Disagree, 3¼Neutral,
4¼Agree, and 5¼Strongly agree was used to gather
student feedback regarding the sessions. The surveys
were anonymous and included a section for additional
comments to allow for student feedback on strengths,
weaknesses, and suggestions for future students–
patients interactive session.

2.6. Data analysis

Students’ expectations (pretest) prior to the imple-
mentation of students–patients interactive sessions and
satisfaction of students with the students–patients
interactive session (post-test) were expressed in per-
centages and presented in Table 1. A contingency
analysis for the frequency distribution of the variables
was used to provide a basic picture of the interrelation
between the pre and posttest variables, and to help
determine interactions between them. The significance
of the difference between the pre and posttests was
determined using the Pearson's chi-squared test. Differ-
ences in proportions and P-values with 95% confidence
intervals were considered significant. All analyses were
descriptive – involving means, percentages, and other
descriptive statistics. All statistical analyses were
performed using SAS Statistical Software (Cary, North
Carolina).

3. Results

Table 2 presents students' expectations prior (pretest)
to the implementation of students-patients educational
interactive session and the posttest evaluation. Over
90% of students either agreed or strongly agree and
expect that the students-patients interactive activity will
improve their ability to better connect their under-
standing of basic neuroscience with neurological
issues, gain additional exposure to neurology and
neuroscience beyond the school's curriculum, promote
meaningful discussions and learning opportunities to
stimulate critical thinking in neuroscience. Majority of
the students (91.2%) expect that the session will
provide increased insight into the patients’ quality of
life and patient–physician relationships even at year
one of their medical school career, and provide real-life
experiences that will be beneficial in their future and
continuous clinical training. Between 7.01% and 8.8%
of students were neutral or disagreed with the above
possible benefits of the students–patients interactive
session in the neuroscience module. 94.7% of students
either agreed or strongly agreed with the expectation

that integrating neurological patients into the neu-
roscience module will contribute to their understanding
of clinical concepts learned in a classroom setting,
while 5.3% of students were neutral. 92.2% of the
students expect the session to provide an insight into
patients’ encounters with physician, that will be helpful
in relating to patients in the future. Overall, 68.5% of
students either agreed or strongly agreed that the
students–patients interactive sessions would meet or
surpass their expectations while 31.6% remained neu-
tral or disagreed.

For the posttest evaluation, over 95% of students
either agreed or strongly agreed that the student-patient
interactive session significantly (Po0.001) improved
their ability to better integrate their understanding of
basic neuroscience with neurological issues, and
allowed them to gain additional exposure to neurology
and neuroscience beyond the school's curriculum. The
students–patients interactive session significantly
(Po0.001) promoted meaningful discussions, learning
opportunities, stimulated critical thinking in neu-
roscience, and increased students insights into
patient–physician relationships and provided real-life
experiences.

Between 1.4% and 4.3% of students were neutral or
disagreed with the above benefits of the sessions, while
98.6% of students either agreed or strongly agreed that
integrating patients into a neuroscience curriculum
improved their understanding of clinical concepts
learned in a classroom setting. About 1.4% of students
remained neutral. The overwhelming majority of stu-
dents (98.6%), either agreed or strongly agreed that the
students–patients interactive sessions met or surpassed
their initial expectations while 1.4% remained neutral.
Overall, 59.4% the students strongly agreed, 31.8%
agreed with the organization of the session, while 4.3%
were both neutral and disagrees respectively. 82.6% of
the students strongly favored the intimate small group
setting over a larger, panel-style discussion, while
11.6% agree and 5.8% of the students were neutral,
and no students disagree or strongly disagree with
students–patients interactive small group setting.
Finally, 98.6% of students recommended similar ses-
sions for future neuroscience classes.

4. Discussion

Although at present, the LCME does not mandate
medical schools to provide a formal structured neurol-
ogy program during the preclinical and clerkship years,
it is advisable for schools to have their students have
clinical encounters with neurologic patients to reflect
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upon their clinical experiences and medical train-
ing.4,18–20 This encounter is important as most of the
neuroscience and neurology contents of many medical
school's curriculum appear to be taught outside the
neuroscience-designated coursework. For instance,
neurological diseases such as sleep apnea, Myasthenia
Gravis, or myotonic dystrophy are often discussed in a
cross-disciplinary context in pulmonary, endocrinol-
ogy, and genetics. Moreover, basic cellular and mole-
cular concepts of neurologic diseases are often learned
in biomedical science coursework outside of neu-
roscience.4,21–23 Therefore, a medical neuroscience
curriculum that integrates broad categorization of
neurological diseases in the first year of medical
education has a functional utility to strengthen the
foundation of medical students in clinical neu-
roscience.7,24–26

Our findings show that providing first-year medical
students with the early interactive experiences with
actual patients helps to personalize real-life scenarios
and strengthen the clinical concepts learned in the
classroom setting. This is important to advance stu-
dents understanding of the fundamental broad cate-
gories of nervous system disorders with the experiential
experience of interacting with patients.27–35 In this
context, our students not only gained a better under-
standing of neurological problems, but also gleaned
knowledge surrounding the family challenges faced by
these neurological conditions. Students reported that
the students–patients interactive session improved their
ability to interact with a diverse group of patients. Such
opportunities are undeniably important to fostering a
broader set of skills and attitudes, which will allow year
one medical students to effectively grow throughout
their medical training as they transition into the clerk-
ship years.36–39 In addition, the integrated teaching of
clinical and basic biomedical science aspects of neu-
roscience also improves learning and is a major
strength of our curriculum.

Our study was limited in that it was a new
implementation into the curriculum that will require
future improvements to provide the most beneficial
experience for students. Thus, while we were able to
recruit twelve patients for the session, only ten patients
actually participated. This caused two student groups to
be dispersed, making some groups larger than intended,
subsequently, contributing to organizational issues.
Also, time constraints posed limitations as well. While
we felt each patient provided diversity in regards to
their array of conditions, scheduling only allotted
students to directly interact with two patients. In the
future, we hope to create a series of students–patients

interactive sessions that create the opportunity for
students to interact with a larger portion of the patient
volunteers. Per survey comments, several students
suggested weekly students–patients interactive sessions
throughout our 4-week module.

5. Conclusion

In this study, we demonstrated that real-life patient
encounters, followed by relevant clinical discussion
helps to enhance the understanding and learning of
clinical concepts for first-year medical students.
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